E levated serum glucose and cholesterol levels have been widely shown to be linked to increased cardiovascular mortality and all-cause mortality. Hypercholesterolemia is also a well-established risk factor for cardiovascular disease among patients with type 2 diabetes. The association between high cholesterol levels and increased risk of cancer has been a long-standing area of interest and investigation because the pathway for cholesterol synthesis may produce various tumorigenic compounds and because cholesterol serves as a precursor for the synthesis of many sex hormones linked to increased risk of various cancers. However, disease prediction based on biological hypotheses often is not well reflected in actual clinical risk. Such complexity is underscored by divergent findings from epidemiologic studies on serum cholesterol levels and cancer risk.
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In this issue of CMAJ, Yang and colleagues 1 conducted a prospective study of the association between low-density lipoprotein (LDL) cholesterol levels and risk of cancer among Chinese patients with type 2 diabetes. Results indicated a consistent and striking V-shaped association. The lowest risk of cancer was observed among those with an intermediate LDL cholesterol level (≥ 2.80 to < 3.80 mmol/L). About a 50% higher risk of cancer was observed among patients with an LDL cholesterol level either above or below that range. Overall, the findings were robust in both crude and adjusted models, and results were consistent among users and nonusers of statins. A V-shaped association was also observed between LDL cholesterol and all-cause mortality.
What warrants careful consideration is whether the association is biologically causal or merely confounded by other risk factors, including socioeconomic status. A V-shaped association between LDL cholesterol and cancer risk suggests that multiple mechanisms are involved. LDL cholesterol is unlikely the sole or direct causal factor.
More than a decade ago, Jacobs and colleagues 2 observed that low total cholesterol levels were associated with an increased risk of cancer. However, this finding was considered to be attributable to confounding or reverse causation by subclinical cancer. Low cholesterol levels are commonly observed in people who are ill (e.g., patients with cancer) and those with unhealthy lifestyle characteristics, such as smoking and heavy drinking. 3 Furthermore, 3 meta-analyses of randomized controlled trials showed that the use of statins, which inhibits cholesterol synthesis, was not associated with increased or decreased risk of overall or major cancers. [4] [5] [6] In addition, results of a cohort study of total cholesterol by Wannamethee and colleagues 3 indicated that the increased risk of cancer was mostly concentrated in the early years of follow-up and that the relation attenuated after excluding these early years. This finding suggests reverse causationthat preclinical cancer led to a drop in cholesterol.
On the other hand, a meta-analysis of data from placebocontrolled statin trials showed that, although the incremental absolute reduction in LDL cholesterol did not correlate with cancer risk, achieving low levels of LDL cholesterol was associated with an increased risk of cancer. 7 Furthermore, results of the studies by Jacobs and colleagues 2 and by Yang and colleagues 1 showed little attenuation of the positive association between low LDL cholesterol levels and risk of cancer after the exclusion of data for patients who died in the early years of follow-up. Thus, the relation between low levels of LDL cholesterol and cancer remains controversial, and its true mechanism remains elusive.
If proven to be true, the relation between low LDL cholesterol levels and increased risk of cancer may be relevant for clinical practice, given that current recommendations for the treatment of LDL cholesterol, which assume that lower is always better, advocate greater intensity of interventions to push LDL cholesterol target levels ever lower. In the absence of definitive biological mechanisms confirming that low LDL cholesterol levels increase the risk of cancer and given the results of randomized trials indicating no increased risk of cancer with the use of statins, lowering LDL cholesterol still remains a top priority in the treatment of hypercholesterolemia.
The positive association observed by Yang and colleagues between high levels of LDL cholesterol and risk of cancer appears to be more biologically plausible, although the possi-
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bility of confounding remains. Besides serving as a potential indicator of production of tumorigenic compounds from cholesterol synthesis, 1 cholesterol is an important biological precursor to many sex steroid hormones such as estrogen, which has been implicated in several cancers in women. 8, 9 Nevertheless, LDL cholesterol levels generally have not been strongly associated with circulating estrogens in most studies, 10 and epidemiologic studies on the relation between elevated plasma estrogen levels and cancer risk have not always been concordant with findings from clinical trials of estrogen therapy. However, all of these mechanisms are indirect and unlikely to explain completely the observed positive association between high LDL cholesterol levels and cancer risk.
Alternatively, confounding by indication for the use of statins, lifestyle factors or socioeconomic status may explain the positive association between high levels of LDL cholesterol and cancer risk. It has been widely shown that socioeconomic gradients exist in the incidence of cancer and in the use of and adherence to statin treatments. [11] [12] [13] Yang and colleagues observed much disparity in access to care and drugs in Hong Kong by socioeconomic status. 1 They observed stronger associations between high levels of LDL cholesterol and cancer among patients who did not take statins than among statin users. Their findings suggest that indication for the use of statins and adherence are unlikely to explain the observed association. However, because the study did not comprehensively adjust for many other major risk factors for cancer or conduct a risk-prediction analysis, the true clinical utility of LDL cholesterol in risk stratification of a variety of cancers remains unclear.
Overall, the study by Yang and colleagues raises many questions about the aggressive use of statins, cholesterol-mediated biological mechanisms and the potential clinical utility of LDL cholesterol to predict cancer risk. However, further investigations are required about the implications of cholesterol-lowering drug therapy on cancer risk and the ability of LDL cholesterol to predict the development of specific cancers in the general population as well as in patients with diabetes.
